A wealth of data supports the notion that the hippocampus binds objects and events together in place and time. In support of this function, a cortical circuit that includes the retrosplenial cortex (RSC) and various structures in the parahippocampal region is thought to provide the hippocampus with essential information regarding the physical and temporal context in which the object/event occurs. However, it remains unclear if and how individual components of this so-called 'where' circuit make unique contributions to processing context-related information. Here we focus on the RSC and the postrhinal cortex (POR; homologous with parahippocampal cortex (PHC) in primates), two of the most strongly interconnected components of the where pathway and the foci of an increasing amount of recent research. Much of the behavioral evidence to date suggests that RSC and POR/PHC work closely together as a functional unit. We begin by briefly reviewing studies that have investigated the involvement of RSC and POR/PHC in contextual and spatial learning, both of which involve learning associations and relationships between the individual stimuli that compose an environment (i.e., where information). However, we propose that potential differences have been overlooked because most studies to date have relied on behavioral paradigms and experimental approaches that are not well suited for distinguishing between different aspects of information processing. We then consider the anatomical differences between RSC and POR/ PHC and emerging behavioral evidence that gives rise to a working model of how these regions may differentially contribute to hippocampal-dependent learning and memory. We then discuss experimental designs and behavioral methods that may be useful in testing the model. Finally, approaches are described that may be valuable in probing the nature of information processing and neuroplasticity in the myriad of local circuits that are nested within the where pathway.
a b s t r a c t
A wealth of data supports the notion that the hippocampus binds objects and events together in place and time. In support of this function, a cortical circuit that includes the retrosplenial cortex (RSC) and various structures in the parahippocampal region is thought to provide the hippocampus with essential information regarding the physical and temporal context in which the object/event occurs. However, it remains unclear if and how individual components of this so-called 'where' circuit make unique contributions to processing context-related information. Here we focus on the RSC and the postrhinal cortex (POR; homologous with parahippocampal cortex (PHC) in primates), two of the most strongly interconnected components of the where pathway and the foci of an increasing amount of recent research. Much of the behavioral evidence to date suggests that RSC and POR/PHC work closely together as a functional unit. We begin by briefly reviewing studies that have investigated the involvement of RSC and POR/PHC in contextual and spatial learning, both of which involve learning associations and relationships between the individual stimuli that compose an environment (i.e., where information). However, we propose that potential differences have been overlooked because most studies to date have relied on behavioral paradigms and experimental approaches that are not well suited for distinguishing between different aspects of information processing. We then consider the anatomical differences between RSC and POR/ PHC and emerging behavioral evidence that gives rise to a working model of how these regions may differentially contribute to hippocampal-dependent learning and memory. We then discuss experimental designs and behavioral methods that may be useful in testing the model. Finally, approaches are described that may be valuable in probing the nature of information processing and neuroplasticity in the myriad of local circuits that are nested within the where pathway.
Ó 2014 Elsevier Inc. All rights reserved.
Introduction
Contemporary theories maintain that the hippocampus is essential for binding objects or events together in place and time (Cohen & Eichenbaum, 1993; Cohen et al., 1999; Davachi, 2006; Eichenbaum, 2004 Eichenbaum, , 2011 , a function that relies on processed sensory information that is provided to the hippocampus by distinct cortical circuits (Fig. 1) . One circuit, the 'what' pathway that includes regions such as the perirhinal cortex and lateral entorhinal cortex, provides the hippocampus with information about a specific object or event (Murray, Bussey, Hampton, & Saksida, 2000) . A second circuit, which is the focus of this review, is often referred to as the 'where' pathway and includes the retrosplenial cortex (RSC), postrhinal cortex (POR; homologous with parahippocampal cortex, PHC in primates), and medial entorhinal cortex and provides the hippocampus with information regarding the physical and temporal context in which an object/event occurs (Aggleton, 2012; Barense et al., 2005; Eichenbaum, Sauvage, Fortin, Komorowski, & Lipton, 2011; Furtak, Wei, Agster, & Burwell, 2007; Hunsaker, Chen, Tran, & Kesner, 2013; Ranganath & Ritchey, 2012; Staresina, Duncan, & Davachi, 2011) . For example, processing sensory information about a specific object, such as a coffee cup, would be carried out by structures in the what pathway, whereas information regarding layout of the kitchen in which the cup is located would be processed by the where pathway.
The functional distinctions between the what and where pathways are well established and have been valuable in defining the organization of the hippocampal memory system (Ranganath & Ritchey, 2012) . However, beyond this dichotomy it continues to
